BACKGROUND:
The relationship between endocan expression and outcome in patients with chronic liver disease is not fully understood. OBJECTIVE: To examine whether serum endocan level is predictive of outcome in patients with liver cirrhosis. METHODS: A total of 68 patients with liver cirrhosis were enrolled. Outcome predictors were analyzed using the Cox proportional hazards model. The overall survival rates were calculated using the Kaplan-Meier method, and differences were evaluated using the log-rank test. RESULTS: During the median follow-up period (7.1 years), nine patients had hepatocellular carcinoma (HCC) and 10 patients died. Of the deceased patients, nine died due to hepatic decompensation or associated conditions. No significant factors were found to be predictive of the occurrence of HCC. In contrast, an elevated serum endocan level (≥2.0 ng/mL; HR 2.34 [95% CI 1.05 to 7 .03]; P=0.037) and high Child-Pugh grade B/C (HR 2.65 [95% CI 1.30 to 6.89; P=0.006) were predictive of poor survival. Kaplan-Meier analysis revealed that the respective cumulative survival rates at five and 10 years were 97.1% and 87.4% in patients with serum endocan levels <2.0 ng/mL and 85.8% and 64.4% in patients with levels ≥2.0 ng/mL (P=0.009), respectively. Moreover, the cumulative survival rates were significantly different among the patient groups divided according to serum endocan level and Child-Pugh grade (P=0.002). CONCLUSION: These findings suggest that serum endocan level may be a survival predictor for patients with liver cirrhosis. 
Follow-up
Patients underwent laboratory tests every one to three months, and imaging examinations every three to six months. HCC was diagnosed based on imaging findings and serum levels of alpha-fetoprotein and des-gamma-carboxy prothrombin (DCP), or by histological examination of biopsied specimens (10) . When HCCs were detected, the patients underwent appropriate treatment options.
Statistical analysis
Baseline data from the patients are expressed as median (range). Fisher's exact test was used to compare categorical variables. To clarify predictors of the occurrences of HCC and mortality, statistical analysis was performed using the Cox proportional hazards model. The following variables were entered into the model as potential predictors: age (<70 versus ≥70 years), sex (female versus male), etiology of liver cirrhosis (nonviral versus viral), Child-Pugh grade (A versus B/C), serum alpha-fetoprotein level (<20 versus ≥20 ng/mL), serum endocan level (<2.0 versus ≥2.0 ng/mL) and definitive therapy (success versus failure/not performed). To determine the cut-off value for serum endocan, the 25th, 50th, or 75th percentile were tested to determine whether the values maximized the hazard ratios. Consequently, the value around the 50th percentile (2.0 ng/mL) was chosen as the cut-off value. Definitive therapy was defined as follows: antiviral therapy for patients with HBV-or HCV-related liver cirrhosis and abstinence from alcohol for patients with alcoholic liver cirrhosis. Because definitive therapy for NASH remains unestablished, all cases of NASH were categorized as 'failure/not done'. Multivariate analysis was performed using variables with P<0.05 in the univariate analysis; P<0.05 was considered to be statistically significant. The overall survival rates were calculated using the Kaplan-Meier method, and differences were evaluated using the log-rank test.
RESULTS
The study cohort included 68 patients with liver cirrhosis (median age 64 years; range 27 to 85 years; 36 male and 32 female) ( Table 1 ). The causes of liver cirrhosis were HBV infection (n=9), HCV infection (n=29), alcohol abuse (n=23), NASH (n=5) and others (primary biliary cholangitis and unknown cause) (n=2). Child-Pugh grades included A (n=42), B (n=19) and C (n=7). The median follow-up period was 7.1 years (range 0.6 to 15.9 years). Fifteen patients were lost to follow-up. There was no significant difference in the ratios of patients lost to follow-up between those with serum endocan levels <2.0 ng/mL (nine of 36) and those with levels of ≥2.0 ng/mL (six of 32) (P=0.573 [Fisher's exact test]). Of the nine patients with HBVrelated liver cirrhosis, eight received nucleos(t)ide analogue therapy and all achieved undetectable viral loads. Of the 29 patients with HCV-related liver cirrhosis, three had a previous history of unsuccessful interferon therapy (pegylated interferon plus ribavirin). Of the remaining 26 patients, 14 underwent interferon therapy (six with interferon monotherapy, one with nonpegylated interferon plus ribavirin and seven with pegylated interferon plus ribavirin) after enrollment and five achieved a sustained virological response. Of the 23 patients with alcoholic liver cirrhosis, nine abstained from alcohol.
During the follow-up period, nine patients had HCC and 10 patients died. As initial treatment for HCC, one patient received surgical treatment, two received percutaneous radiofrequency ablation and six underwent transcatheter arterial chemoembolization. The causes of death were liver failure (n=7), rupture of gastric varices (n=1), bacterial infection (n=1) and HCC (n=1).
Results of the analysis to identify outcome predictors yielded no significant factors that were found to be predictive of the occurrence of HCC (Table 2 ). An elevated serum endocan level and a high ChildPugh grade were significantly associated with mortality in the univariate analysis. Older age and successful definitive therapy tended to be associated with mortality. The multivariate analysis revealed that an elevated serum endocan level (≥2.0 ng/mL; HR 2.34 [95% CI 1.05 to 7.03]; P=0.037) and a high Child-Pugh grade (B/C; HR 2.65 [95% CI 1.30 to 6.89]; P=0.006) were significant predictors of poor survival ( Table 2) .
The Kaplan-Meier survival analysis revealed that the respective cumulative survival rates at five and 10 years were 97.1% and 87.4% in the patients with serum endocan levels <2.0 ng/mL and 85.8% and 64.4% in those with levels ≥2.0 ng/mL (P=0.009) (Figure 1 ). The mortality rates according to Child-Pugh grade combined with serum endocan level were as follows: among patients with Child-Pugh grade A, the mortality rates were 0% (zero of 27) for those with serum endocan levels <2.0 ng/mL and 13.3% (two of 15) for those with levels ≥2.0 ng/mL. Among the patients with Child-Pugh grade B/C, the mortality rates were 22.2% (two of nine) for those with serum endocan levels <2.0 ng/mL and 35.3% (six of 17) for those with levels ≥2.0 ng/mL. One patient who died due to HCC was classified as Child-Pugh grade B/C and had a serum endocan level <2.0 ng/mL. The cumulative survival rates were significantly different among the patient groups divided according to serum endocan level and ChildPugh grade (P=0.002) (Figure 2 ).
DISCUSSION
The results of the current study suggest that serum endocan level was predictive of survival in patients with liver cirrhosis. However, the proteoglycan level was not found to be associated with the occurrence of HCC. The same results were found in a recent study by Nault et al (9) , who evaluated Caucasian patients with alcoholic liver cirrhosis. Our results were obtained from Asian patients with liver cirrhosis from different causes (mainly HCV infection and alcohol abuse), indicating that the results of the study by Nault et al (9) may be applicable regardless of ethnic group and cause of liver cirrhosis. The cut-off serum endocan levels slightly differed between the two studies (5.0 ng/mL versus 2.0 ng/mL). However, the findings from these two studies encourage further investigation to establish the use of the serum endocan level as a survival predictor for patients with liver cirrhosis. Our recent study involving patients with liver cirrhosis with or without HCC revealed a positive correlation between the serum endocan level and Child-Pugh grade (7) . Nevertheless, the current study demonstrated that these two factors are independent survival predictors for patients with liver cirrhosis. Of the 10 deceased patients, nine died due to hepatic decompensation or associated conditions (seven due to liver failure, one due to rupture of gastric varices and one from bacterial infection). These findings suggest that an elevated serum endocan level can be used to predict future or worsening hepatic decompensation and consequent mortality. In fact, among patients with Child-Pugh grade A, those who died had serum endocan levels ≥2.0 ng/mL, while the mortality rates were higher in the patients with Child-Pugh grades B/C and serum endocan levels ≥2.0 ng/mL than in those with levels <2.0 ng/mL. The current study also suggests that the combination of the Child-Pugh grade and the serum endocan level can result in better prognostic stratification.
In the current study, we measured baseline serum endocan levels only once. For clinical use of this proteoglycan, whether these levels can substantially change within a short period of time should be clarified. Furthermore, whether the serum endocan level in each patient increases with the progression of liver cirrhosis should be examined in the future.
Little data regarding the causal relationship between increased endocan expression and the progression of liver cirrhosis are available. However, a recent study found that endocan induces the expression of proinflammatory cytokines, such as interleukin-8, monocyte chemotactic protein-1 (MCP-1) and tumour necrosis factor-α, which are involved in mechanisms of chronic liver inflammation (11) . This study also revealed that endocan stimulates nuclear factor kappa β expression (11) . Studies have shown that tumour necrosis factor-α and nuclear factor kappa β stimulate liver inflammation and promote liver fibrosis by activating hepatic stellate cells (12, 13) . Collectively, these effects of endocan on liver inflammation and fibrosis may cause the development of hepatic decompensation in patients with liver cirrhosis.
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CONCLUSION
Our results suggest that measuring the serum endocan level is useful for predicting the survival of patients with liver cirrhosis. Furthermore, the combined use of the serum endocan level and the Child-Pugh grade enables better prognostic stratification of patients. Although these findings should be confirmed by further studies with a larger cohort of patients, the results provide new insights into managing patients with liver cirrhosis. 
